Abstract Objective: This study was conducted to investigate the association between gingival tissue biotypes and different facial phenotypes.
Introduction
Periodontal health is defined as the absence of inflammatory reactions that involve periodontal tissues accompanied with either gingivitis or periodontitis, and is based on a clinical evaluation (Lang and Bartold, 2018) . The protection and maintenance of periodontal health are suggested to be related to the presence of an adequate zone of keratinized gingiva (Bouri et al., 2008) .
A clinically healthy periodontium has been shown to have a varied phenotypic appearance that differs between individuals. The scalloped and the flat gingival architecture are described as the two main forms of the gingival biotype (Ochsenbein and Ross, 1969) . The thin-scalloped biotype has been seen mainly in teeth that have a narrow-tapered crown form, slight cervical convexities, and small contact areas that are located close to the incisal edge of the teeth. The thick-flat biotype has been observed in individuals who have teeth with a short but wide crown, obvious cervical convexities, and broad contact areas positioned more apically (Weisgold, 1977; Seibert and Lindhe, 1989) .
Evaluation of the periodontal biotype is regarded as an essential part of treatment planning for several dental treatments including periodontal, restorative, orthodontic, and implant treatment. Outcomes of various treatments can be affected by the thickness of the gingival tissue and underlying bony structure (Zweers et al., 2014) .
The human face, the most noticeable part of the human body, expresses information about an individual's age, sex, ethnicity, and health. During ontogenesis, the facial features undergo marked changes in size and shape, which are mostly associated with the growth and development of underlying bone structures (Jandova´and Urbanova´, 2016) . On the basis of the facial index, the facial phenotype can be classified as the hypereuryprosopic, euryprosopic, mesoprosopic, leptoprosopic, or hyperleptoprosopic face shape (Williams, 1995) .
Information about the correlation between periodontal parameters of different facial types is lacking since few related studies have been published. In an 11-year follow-up retrospective study involving 556 subjects who met the study inclusion criteria involving gingival recession, and clinical attachment loss, facial phenotype and periodontal examinations revealed that increased mean gingival recession and clinical attachment loss were significantly associated with patients who exhibited a phenotype of a long narrow face (Salti et al., 2017) .
Our study aimed to investigate the association between gingival tissue biotypes and different facial phenotypes.
Material and methods

Study design and sampling
This was a cross-sectional study. The subjects participating in this study were Riyadh Elm University interns and postgraduate students. The sample population was set at 80 subjects after being weighted and calculated by a statistician using G-Power test software.
Participants' inclusion criteria
Saudi Aged between 20 and 45 years Mentally competent Presence of permanent teeth in the anterior maxilla from 13 to 23 (maxillary right canine to maxillary left canine) Healthy gingiva on the mid-buccal site from 13 to 23. The probe visibility assessment method was used to assess gingival tissue biotype. For all teeth included in the study, a University of North Carolina-15 (UNC-15) periodontal probe was inserted into the mid-facial gingival sulcus. Gingival biotype was categorized as follows: -Thin tissue biotype when the UNC probe was seen through mid-facial gingival sulcus. -Thick tissue biotype when the UNC probe could not be seen through mid-facial gingival sulcus. (Kan et al., 2010) 
Facial phenotype evaluation:
Each subject was seated in a dental chair with the head upright, which was supported by a headrest. Facial measurements were recorded by using a digital spreading caliper. Morphological facial height was measured from the Nasion landmark, which resembles the intersection of the nasofrontal suture with the midsagittal plane landmark to the Gnathion landmark, the most anterior and lowest median point on the border of the mandible. Facial width, also known as the bizygomatic breadth, was measured from the right zygon to the left zygon. The prosopic (facial) index was calculated using the following formula:
Prosopic ðfacialÞindex ¼ facial height nasion to gnathion ð Þ Â 100 zygomatic breadthðzygon to zygonÞ
The facial phenotypes were classified as follows: -Euryprosopic (brachyfacial): Low and wide face; prosopic index of 84.9 or less. -Mesoprosopic (mesofacial): Face neither wide nor narrow (average); prosopic index ranges from 85.0 to 89.9. -Leptoprosopic (dolichofacial): High and narrow face; prosopic index of 90 or more. (Williams, 1995) 2.5. Statistical methods SPSS version 21 (IBM Corp., Armonk, NY, USA) was used to perform all statistical analyses for this project. Data are shown as numbers (percentages) for all categorical variables and mean ± standard deviation plus median (interquartile range) for all continuous variables. Both descriptive and inferential statistics were analyzed. A P-value 0.05 was accepted as the level of significance for all statistical tests. Associations between the dependent variable and the independent factors were calculated using the chi-square test. Additionally, binary logistics regression was used to predict the likelihood ratio between the dependent variable and the independent variables, where the odds ratio as well as a 95% confidence interval were calculated.
Normality, statistical interactions, and collinearity (i.e., variance inflation factor) were also assessed. We used the Kolmogorov-Smirnov and Shapiro-Wilk test to evaluate the distribution of the quantitative data. All continuous variables included in the statistical tests were found to be normally distributed.
Results
A total of 80 patients were recruited in this study. The age range was from 21 to 40 years (mean 28.8 ± 04.3), of whom the majority were males (65.0%). The prevalence of the thin gingival tissue biotype was 48.8% (39 patients), while that of the thick gingival biotype was 51.2% (41 patients) (Fig. 1) . With regard to facial phenotypes, 33 (41.2%) of them were mesoprosopic, 30 (37.5%) were leptoprosopic, and 17 (21.3%) were euryprosopic (Fig. 2) . Mean facial height of the patients was 107.8 mm (SD ± 05.9) while the mean facial width was 122.1 mm (SD ± 06.2). The mean facial index was 88.4 mm (SD ± 04.4) ( Table 1) .
The chi-square test as well as an independent t-test were used to measure the association between gingival tissue biotype against the baseline characteristics of patients with p-values, which indicate whether an association is statistically significant. Thick gingival tissue was more prevalent in 21-30-yearold patients Table 2 .
The thin gingival biotype was found in 66.7% of males and 33.3% of females. The thick gingival biotype was found in 63.4% of males and 36.6% of females.
Regarding facial phenotypes, the number and percentage of patients with the thin gingival biotype were as follows: 5 (12.8%) for the euryprosopic, 16 (41.0%) for the mesoprosopic and 18 (46.2%) for the leptoprosopic phenotype. The thick gingival biotype was found in 12 cases (29.3%) for the euryprosopic, 17 cases (41.5%) for the mesoprosopic, and in 12 cases (29.3%) for the leptoprosopic phenotype.
Mean facial height for patients with the thin gingival biotype was 106.9 mm while for patients with the thick gingival biotype, it was 108.5 mm. Mean facial width for patients with the thin gingival biotype was 120.2 mm while for the thick biotype patients it was 123.9 mm. The resultant facial index for the thin gingival biotype patients was 89.1 ± 03.9 while for cases with the thick biotype it was 87.7 ± 04.7.
It was revealed that among all the variables included in the test, only facial width was found to have a significant association with the gingival tissue biotype (p = 0.006). Other baseline characteristics did not show a significant association (Table 2) .
Binary logistics regression analysis was conducted to ascertain the effect of the thin gingival tissue on the baseline characteristics of participants. Regression factors such as age group in years, gender, facial phenotype, facial height, facial width, and facial index were included in the model. Based on the results, it 77.5 -96.6) is clear that mesoprosopic had a statistically significant association with the thin gingival tissue (OR = 3.600, p-0 = 049), and it can be interpreted that mesoprosopic facial phenotype was more likely to exhibit a thin gingival tissue biotype than the euryprosopic phenotype. Increasing facial width was associated with an increased likelihood of exhibiting thin gingival tissue (OR = 1.115, p = 0.009), while age group in years, gender, facial height, and facial index were found to be nonsignificant factors of thin gingival tissue presence (Table 3) .
Discussion
In the present study, the prevalence of the thin gingival tissue biotype was nearly half of the total sample population (48.8%). This is consistent with the study published by Zawawi, Al-Harthi, and Al-Zahrani, 2012 in Saudi Arabia, which was about the prevalence of gingival biotype and its relationship with dental malocclusion. They reported that 44.5% of 200 patients were of the thin gingival biotype. Several studies published in other countries have also reported the prevalence of the thin gingival tissue biotype. In Italy, Aimetti et al., 2008 observed that 45% of patients in their study were of the thin gingival biotype, which was marginally higher than that observed in our study, while in Syria, a lower incidence (41.6%) of the thin gingival biotype was reported (Barakat and Dayoub, 2016) .
In contrast, prevalence of the thick gingival tissue biotype in this study was 51.2%, which is moderately lower than those reported in previously published articles (Zawawi, Al-harthi, and Al-zahrani, 2012; Aimetti et al., 2008; Barakat and Dayoub, 2016) . Our findings were in agreement with a study published locally (Zawawi et al., 2012) . They reported a prevalence of 55.5% for the thick gingival tissue biotype, which is close to our study results. Barakat and Dayoub, 2016 , observed the highest prevalence (58.4%) of the thick gingival tissue biotype.
In the present study, the majority of the young males had the thick gingival tissue biotype while the older males and the females, in general, were more likely to have the thin gingival biotype. A higher prevalence of the thick gingival tissue biotype in males has been reported by various published articles (Zawawi, Al-harthi, and Al-zahrani, 2012; Bhat and Shetty, 2013; Abraham, 2015) .
The present study focused on measuring the association between gingival tissue biotypes and facial morphology phenotypes. To our knowledge, this is the first study that has evaluated these relationships. Based on the evaluation of the independent variables, including age, gender, facial height, facial width, facial index, and facial phenotype, it was revealed that facial width and the mesoprosopic facial phenotype had a significant association (Table 3) .
However, based on the likelihood ratio, the mesoprosopic phenotype was significantly associated with the thin gingival tissue biotype, and patients with this phenotype were three times more likely to exhibit a thin gingival tissue biotype than those with the euryprosopic phenotype (OR = 3.600, p = 0.049). This may be explained by the findings of Masumoto et al., (2001) , which revealed that the average face (mesoprosopic) phenotype was less commonly associated with alveolar bone thickness than the short, broad face (euryprosopic) phenotype. Subsequently, it has been demonstrated based on a CBCT evaluation study that the thin gingival tissue biotype was associated with thinner alveolar bone thickness (Fu et al., 2010) .
The present study revealed that greater facial widths were associated with an increased likelihood of exhibiting the thin gingival tissue biotype (OR = 1.115, p-0.009). In contrast, no significant relationship was found between facial width and the periodontal parameters, including attachment loss and gingival recession, which were also evaluated by (Salti et al., 2017) . In this study, no significant relationship was found between the age group in years, gender, facial height, and facial index, and the thin gingival tissue biotype. Conversely, Abraham, 2015 found a significant association between this biotype and gender and age. The thicker gingival biotype was more prevalent in male subjects while female subjects presented more commonly with the thin gingival biotype. The thick gingival biotype was observed in the young age group, while the thin biotype was more common in older subjects. In Malaysia, it was observed that with increasing age, gingival thickness tended to be reduced in both the maxillary and mandibular jaws (Agarwal et al., 2017) .
Conclusions
The following conclusions can be drawn from the present study:
The mesoprosopic facial phenotype and facial width have a significant association with the thin gingival tissue biotype. The mesoprosopic facial phenotype was the most common facial phenotype. The thick gingival tissue biotype was more prevalent in younger people and in males.
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